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The control of processing conditions is key to achieve the desire amount, size and shape of porosity in materials 
for any application, including extreme applications. However, when particles with irregular shape, large size or 
differences in surface chemistry are to be used, as it happens for UHTCs, finding the right processing technique 
becomes crucial to ensure the desired properties, especially when there is not information about the actual 
performance in the application.  
 
This work describes how these challenges were overcome to develop multi-scale porous UHTCs for high 
temperature insulation as a case study. The exhaustive control of interparticle forces and understanding 
interaction between additives and powder surfaces resulted in multi-scale highly porous ceramics using different 
processing routes (replica, sacrificial fillers, particle stabilized foams plus gelcasting, ice templating and partial 
sintering, (Figure 1)). These colloidal techniques can render the required thermal conductivity across the 
component with a combination of different tailored porosities. Additionally, large complex-shape components 
with the same customized porous microstructure were prepared.  
 
The results have been used to explore other processing techniques and elements to design further the porosity 
distribution and amount, such the use of electrospun fibers to create directional porosity. This allows us to 
















Figure 1. Example of multi-scale porous UHTCs prepared by combination of several processing techniques. 
 
